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I, thei^dersigned, being an officer duly authorised in accordance with Section 74(1) and (4) of 
the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally ^ed in connection with the patent application identified therein, 

I also certify that the attached copy of the request for grant of a Patent (Form 1/77) bears a 
correction, effected by this office, following a request by the apphcant and agreed to by the 
Comptroller-Gei\erai. 

In accordance with, the Patents (Companies Re-registration) Rules 1982, if a company named in 
this certificate and ^y accompanying documents has re-registered under the Companies Act 
1 980 with the same tjiame as that with which it was registered immediately before re-registration 
save for the substitutipn as, or inclusion as, the last part of the name of the words "public limited 
company" or their equivalents in Welsh, references to the name of the company in tiiis certificate 
and any accompanying documents shall be treated as references to the name with which it is so 
re-registered. \ 

In accordance with the rules, the words "public limited company" may be replaced by pi.c, pic, 
PX.C.orPLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 
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DUFLICATE 



HEAT EXCHANGE LAMINATE 

The present invention relates to a laminate for a heat ^changer and more particularly to a 
laminate comprising a liquid retaining layer for use in evaporative type heat exeliangets. The 
5 inv^xtion also relates to a heat exchanger fozmed from the laminate and to a method of producing 
such a heat exchanger. 

There are a number of situations in which heat exchange in combination with the evaporation of 
a liquid may be desirable. One such silualion is in the huraidification of dry air. Wheal air is 
10 healed* its ability to cany moistme increases and thus ils relalive humidity decreases if no further 
moisture is added In cold periods, heating installations providing warm air to a building may 
require some Form of humidification in. order to compensate for this decrease in Telative 
humidity. la general^ relative humidity' of less than 50% haa been recognised as being 
undesirable. One way of increasing humidity is to provide water to a porous medium within an 
15 air treatment unit. Wami air passing over tiie medium can pick up additional moisture and 
transport it into the building.. Ja doing SO, heat exchange.&om fiie porous medium and its support 
also takes place. HumidiigrinS devices may be provided indepondemtly or may be combined with 
heatecs, heat recoyeiy devices^ heat pumps^ air conditioners and also with dew-point coolers as 
described below. 

20 

Another situation where heat exdiai^ in combination with evaporation of a liquid is desirable is 
the evaporative cooler. The principle of evaporative heat exchange has been used for many 
centuries in various traditional forms. In general, by pmviding a liquid to one surface of a heat 
exchange plate and passing a gas e«g. air across the surface^ evaporation of the liquid £rom the 
25 sur£ace may take place. The evaporation of the liquid to a vapour requires the addition of 
considerable heat - namely the latent heat of evaporation. This heat may be supplied by the heat 
exchange plate and in so doing, will serve to cool it lu the following although reference will be 
made to evaporative coolers wojkiiig with water, air aad water vapour, it will be understood that 
the principles are in general equally upplicable to other heal exchsinge media. 
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A particiUar form of ^aporative heat exchanger is known as a dew-point cooler. A dew-point 
cooler attempls to Taring down the temperature of n product air stream to as close to the dew point 
temperature as possible. Fox air at a given absolute humidityj the dew point is the temperature air 
5 which the air reaches a relative humidity of 100%, at which point it is saturated and can absorb 
no further moisture. Ihe heat is removed from the product air stream by evaporation of a quantity 
of liquid into another working air stream. Such a process is flieoretically extremely efficient and 
requires no compressor, as is flie case for conventional refHgejratiMi cycles. Many attempts have 
been made to realise such cycles but practical considerations have caused great difficulties in 
10 approaching the dew point over most temperature ranges. Ibx the following, the term dew-point 
cooler will be nsed td refer to devices which cool a fluid to at or near its initial dew point by heat 
itmsSsr to cause evaporation of a liquid into a working fluid operating at or near its saturaiion 
point 

•a. 

.15 One known fiimi of dew-point cooler operates in counter flow and uses a portion of the product 
air stream as the. woddqg air stream. In simple tenns, air flows over a first side of a heat 
exdiange element and is cooled by h$at transfer to the elaneut. A portion of the air is diverted 
back over the second aide of the heat exchange element. The second side of the heat exchange 
element is provided with a supply of water and heat transfer from the h«it exchange element to 

20 the water causes it to evaporate into the working air stream. Evaporation of water into the 
working stream requires substantial heat ixiput corresponding to Ihe latent heat of evaporation of 
water. A device of this type is known from United States patent aS4976l 13 A to Gershuni et a!. 
Another device known from United States patent US6581402 A to Maisotsenko et al, describes 
9JX alternative arrangement of a dew-point cooler in a cross flow configuration. The contents of 

25 both of these disclosures are hereby incorporated by reiference in their entirety. 

It is believed that the supply of liquid to the wet second side of such a cooler is critical in 
aduevuig adequate cooling down to close to the dew point. Known coolers have in the past 
covered the wet side completely with a porous water-.absoxbent layer. If the air leavfaig the first 
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rfde weflTO at the dew point, £is it returned across the second wet side, it would initially be unable 
to tak© Tip further inoi$tur$ $inco it would <^lready be saturated. It should first be warmed up by 
thexmal iaput to move away &om the saturation line. Only at that point can ihrther moisture be 
absorbed with a corresponding transfer of latent beat. The presence of a thick porous layer on the 
5 wet side however inhibits direct heat transfer irom the heat exchange element to the air. For this 
reason, known coolers rarely descend below the wet bulb temperatuie of the ambient air. Whilst 
not wishing to be bound by theory, ^pUcant believes that successful cooling to tiie dew point 
can otily be achieved in this type of device by providing incremental and repeated alternate 
thermal heat transfer ibllowed by latent heat trans&r. In this way, each time the air absorbs a 
10 quantily of wat^ it tetums to the satuiatian line and must be wamied again by direct heat tmnsfer 
. befbrc farther water can be absorbed. 

It is also believed tbat to achieve effective cooling, the water aotivily of the mateiial sur&ce of 
the wet side must be high whereby it can easily give iq> its moisture. Water activity is defined by 

15 the ratio 6f the tendenoy of the material to release waler to thai of water itsel£ Tiias a smfaice' 
. with a water activity of 1 will easily ^ve up allits water by evspoialion into an air flow across 
the $ui^e wi^e a suiiace with a water activity of 0 will not release any water under tite sazpe 
ohiwmstanceSr. Id the followizig; refcmice to wnter activity is also intended to apply to similar 
activity of other lic^uids used instead of water. A smooth metal sur&cc such as aluminium has 

20 higji water acdvity and will thus easily give water. Unfintanately however, it ia not goodvpt 
retainii^ water and cannot provide an effective buffer of water for evaporation. 

It should be noted at this point, that for dew-point coolers, there is an advantage in retaining or 
buffering water pcrovidgd to the wet side during periodic irrigations. If the wet side of a dew-point 
25 cooler is inigated, the presence of excess water in the working air stream will cause the 
temperature to rise from the dew-point to the wet bulb temperature. This is because die excess 
water causes adiabatic cooling of the working air stream by evaporation of water droplets in the 
air sftreffm itself rather than by evaporation from the heat exchange walL Once the ini^ted water 
haa been tak^ up by the sur&ce and any excess has drsuned away, the t^perature can return 
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3gBin to ihe dfiw-pQint. Th9 water takeu by tha swfece myst b© sufficient for tiie dewnjomt 
. cooler to oontmue to operate ibf a period of time until the next irrigation. The ideal liquid 
retaining layer should thus be able to letaki or buffer a large quantiiy of liquid but should also 
give it again easily on evaporation. u\ . 

5 

A device is known fiom Dutch patent NL1018735. tiie content of which is hereby incorporated 
by xefBi«ice in its entirety, in which a layer of Portland aemeiit is used to coat tiie fins of a heat 
exohanger. Although sixch a layer ha^ been found to have exoeUent water activity and wat«: 
bufTering cbaracteriatics it nevertheless displays certain disadvantages: it is relatively heavy, it is 

10 BusceptiblB to flaking and powdering especially if the carrier layer on which it is formed is 
subjected to shock or bending; and it is uiconvenient to apply in a clean manufecturing 
Hiviionmfint. In particidar, Ihe cement coating must be applied to the fbrmed product, ^ince once 
coated, the material fanning flie hsat exchanser cm no longo: be fiamed. Applying a layer of a 

\ thickness distribution to a conq)leKsh*«»B is difficult and the pri^ 

15 . have been found to rfiow undesirable thickncBS variation. 

According to the present iuventi.on. an inqroved heat exohango lanmiBle is provided con^rismg 
a fonnable camsr laj^ at ItX^t partially covered with a flexible liquid Tetaining layer. By 
forming such a laminate of two hiyers, desired properties such as the spatial distributioa of the 
20 Kquid retaining layer, can be imparted to the heat exchange laminate prior to fbrming. Hie. 
laminate may then be convenienfly fiamed into any desired shape by known manufecturing 
procedures. 

In a desirable embodiment of the present invention, the liquid retaining layer has an open 
25 structure such that in use, a heat exchange medium can directly contact the carrier layer through 
the open stnicture of the liquid retaimng layer. By this means, ihe abilityof the heat exchanger to 
tcansfbr both fhemial heat and latent heat to a fluid medium flowing over it is enhanced. The 
open structure may comprise spaces between the fibres of a fibrous material fonnlng the liquid 
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retaining layer. Such a fibrous xziaterial may be a woven or non-woven layer having an open 
structure. 

The fibrous material may be attached to the canier by adhcsives or other similar methods. 
Preferably, the adhegi ve and the fibrow Tnaterial should be such that ddaminating does not take 
place on forming of the laminate into a desired shape. In the case of oomigation of the laminate, 
it may for instance be desirable to align the weave of a woven fihrous material with the int^ed 
coirugatian. Additionally, where adhesive is used, the adhesive may be ohosen to enhance the 
properties of the carder layer or liquid retaining layer* Thus the adhesive may be ohosen to have 
water-retaining properties or heat conducting properties, or both and may thus be considered to 
form a part of eiOier of these layeiSr Adhesive may be provided on boOi sides of the caziier l^yer 
prior to or during the lamination process. The adhesive on a first side of the earner layer may 
serve to attach the liquid retainixlg laya while the adhesive on a second side may serve to attach 
the formed laminate to a fUrther beat exchange elemeait such as a membrane or to itself to foiaxL a 
lube. Preferably at least (he adhesive on the second side of the carrier layer is a heat activated 
adhesive. 

According to a particularly advantageous embodiment of the invention a suitable fibrous material 
may comprise a mixture of polyester and viscose fibres. Alternatively^ polyamide coated 
polyest^ fibres may be used. For use with water in a dew-point cooler, these fibres have been 
found to have both excellent water retention and high water activity and can retain a sufficient 
buffer of water to allow for intermittent water supply. Preferably the fibres should have 
diameters of between 10 microns and 40 microns, most preferably approximately 30 microns. 

Tti an alternative embodiment of the invention> the heat eocchange laminate may additionally or 
alternatively comprise covered and uncovered areas of the carrier layer, possibly in the ibrm of a 
repeating pattern of bands or ribs of liquid retaining material £)Ilowed by bands of unoover ed 
carrier lay^. Ilie cov^ed areas may be covered by the fibrous materials mentioned above or may 
be covered by alt^native liquid retaining materials. Idealty^ for use with water^ such materials 
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shouU have Mgh water activity such that water is easily released where necessary. Preferably, 
the water shoaW be retained primarily by surface tension effects. AKematively, matedals 
evhihtring weak hygrostMpic and hydrophilic effects ni^ be used e.g in the form of coatings sada. 
as polyuicthflne. Such eoatinga may be brought ati to the cmrier layer in various different ways 
5 incltiding painting, spraying, ptinting, tranafening and the like. Of course, for use with 
evaporatire media other than water or fiw use wft gaaea other than air, other materials may be 
selected. 

Li a prefeoced embodiment of Uie invention the oarrier layer comprises soft annealed alununiuiti. 
10 The aluamaiam may be in the fiom of a foil havmg a thickness of between 30 and 150 microns. 
More preferably, the foil has a Urickness of between 50. and 100 micron^ ideally about 70 
imcnni8. .Qne of the major advantages of such alummium is diat it is lelatively che^ and very 
easy to fomi. K is also extremely Kght yet shucturally vay strong. Copper may also be used but 
is somewhat heavier. Other metals may also be considered d^ending i^on price and weight 
15 considerations and also on the acea of intended use. The use of a good heat conductra- such as a 
metal e,s, aluminium, is extremely important where Ihe lanlnat© is reqmred to conduct heat m 
the plane of the laminate. This may be the case when the laminafas is fanned into fins fijr 
mounting oh a first side of a membrane separating a first fluid stream fiom a second fluid stream, 
hi suidi a case the fins serve to effectively increase the surface area of the first aide of the heat 
20 eacohanger. Further fins may also be provided on the second side of the membrane. The fhrther 
fins m^. if desirable, also be fonned firam a laminate according to the invention, if aluminium is 
used as the earner layer, the use of adhesive bonding may require a primer^ Pinners may also be 
required fibr othear materials that are difficult to adhere. 

25 If heat conduction in the plane of the laminate is not intended or is to be avoided, the carrier layer 
may be fbnned of a poor thermal coudnctor. This may be the case where the lanunate is formed 
as amombrane separating a fiifit fluid stream ftom a second fluid stream and is only intaided to 
transier heat across itself fiom the first stream to the second stream. In this case, the earner may 
be fboned of a fbrmable plastics material and fonning may take place hy tiwrnaofoiinins. 
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thermgs^tiilg, cttdng or «Wy Oflier method of produoing a pcnnancnt or semi-pemiment 
defijtmation. 

Advantageously, fia: aJl of the above-imeitfion^d lanmiates, the liquid retaimng layer should be 
S relatively thin to ensure good heat tamafe to the caniar layer. Ideally it is believed thai the 
avwage thickness of ihe litiuid retaining layw should be leas than 50 inicroTis. Prsfexably, lea 
than 20 nucxons and even more prefwatoly, less Hhm 10 nricrona. In referring to the fliiokness of 
the liquid retaining layer, leferenoe is made to Hie average duckness, taking into account the 
distribution of covered and Tnioovered areas or the othmvise open structure of the layw. Thus, a 
1 0 liquid retaining layer with a cover to space ratio of 50% and a fliiokness of 40 naicrons would be 
considered to have an average Ihidcness of 20 nu«ons. If the liquid retaining material 
additionally had an open fibrous stmcture, then the. av«age thickness of the layer -would be 
proportionally less than 20 microns. 

15 According to a yet fiirtiijex aspect of the present mvention ftere is fmther provided a heat 
exchange element formed fiom such a heat exchange laminate. Such a heat exchange laminate 
may be corrugated to form a series of elo^te fins. Hie fins may be affixed to a heat exchange 
membrane as surface area iiu;reasing clemeiits or may themselves be used to form the membrane 
or channel defhiing the fluid flow through a heat exchanger such as a dew-pouat cooler. If the fins 

20 are affixed to a heat esxchange membrane as surface area increasing elcmeats, they may 
additionally be provided with louvres. It has been found that ibs use of such louvres is extremely 
advantageous in the case of a carrier pro\aded with a liquid retammg layer on only a first surfece. 
In usc^ the louvres may serve to guide fluid flow from the first surface to the second surfece and 
vioe-VOTB. Since the second snxfkce is not covered by the Hquid retaining laya; direct thermal 

25 heat transfer from die carrier layer to die fluid is enhanced. In such a case where the flrad flows 
alternately over both sides of the heat exchange laminate, the distribution of the liquid retainjiig 
Istyer on botii surfeces of the carrier layer m^ foam part of the detenninalion of the ratio of open 
stractui« and dxe eCfeotlve average thtdmess of die water retaining layer. 
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Accoidmg to a particular advantage of (he present laminate, the heat exchange eleznem 
may comprise a heat exchaiige lamixiate having an open structured liquid retaining layer on both 
surges of the csnier layer. Such a heat exchange element is extremely versatile for use in 
evspmative type heat ex^hsingers an<^ dew-point coolers. Because of the open stmctore^ both 
5 sides of the laminate can function either as a side or as a dry side, depending upon the 
direction of flow 9nd the supply of waten This allows lbs use of a dev^-point cooler as a heat 
lecovezy element during cold periods and also permits faunudification of the incoming air 
stream. In this context, a pardcular advantage of the laminate according to the hxveoxtion lies in 
Ihe ability of the water retaining Layer to retain and transport water fonned by condentsatioai on 
10 the cooling side of swh a heat recoveiy element In die past, such water has tended to Ibnn as 
droplets which coold cause ohokuig or restdction of the heat exchange elements. The presoice of 
a liquid retaining layer according to the present invention ensures that d tin film of water is • 
retained, thus optimisiag heat transfer, while excess water is drained away The recovered water 
may subsequently be sut^plied to &e heated side for humidiflcationpmposes. 

15 

According to a yet Airther aspect of Ihe present invention thece. is provided a niethod of 
manufacturing a heat exchange element comprisfng providing a heat exchange laminate 
compiising a foiwsibh^ carder layer at least partially covered with a flexible liquid retaining layer 
and fonning ^e laminate into a heat exchange element. By first providing the laminate and then 
20 &mring it into the desired shape it is possible to achieve the desired coniigumtion of the liquid 
retaining I^yer. Once the heat exchanger has been fonned into a complex shape, it is otherwise 
difficult to attach the liquid letauiing layo: in an effective and conliollable manner- 

PreferabTy the lamiuate is fcmied into a plurality of dongate Sm. If the carrier layer is formed of 
25 a metal e.g. aluminium, such fins may easily be ftrmed by loU foiming machines. The process of 
fbrtning may also include the step of fbiming louvres in or through the iins. These may help to 
jEbrther enhance heat transfbr by breakmg up the various boxmdary lay&cs and may also serve to 
direct flow from one side of the plate to the o<hen Other flow break up means may also be 
formed including dimples, ridges, grooves etc. In order to be able to effectively form such fms, 
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louvres and other break up means* it is important that the carrier layer and liquid 
retainiiag layer are well bonded together to prevent iwiwanted delaminating or other disturbance to 
the integrity af the laminate. If louvres are formed through tlie laminate, the forming may also 
include cutting of die cazrier layer or the Uquid retaining layer or both. 

' 5 

lu an advantageotifi eosibox^niCTit of the mediod the laminate may be attached to a fhst sux£ice of 
a membtans for beat transfer thereto. If the laminate is oorrugated into fins, the base of each Gxi 
may be attached to the mBmbrane preferably by adhraive. Prior art heat exd^geis have 
generally hwn formed by soldering and brazing teobniques. According to an inlportant 
10 development of the present inventioi^ the Joining of the fins to the membrane by adhesive may 
permit a rapid, inesqsensive and ligjht assembly. In particular* heat and pressure, activated 
adhesives axe fiivoured which may be provided as an integral part of the laminate or Che 
membrane prior to foiming and joining. 

15 According to a yet fiirther advantageous crabodimeirt of the invenfiozif the method further 
comprises providing further fins and attaching them to a second surfece of the manbrane for heat 
transfer thereto* A tubular structure may then be formed with the elqn^te fins on an exterior 
surface of the tubular structure and the furlher fins on an internal surface of the tubular structure 
or vice versa. The tubular structure may be formed by placing two similar membranes together 
20 and sealing them along parallel edges. Alternatively, a single membrane may he folde4;pr idled 
into a tabular structure and scaled to itsel£ Preferablys the fins are generally aligned whh the axis 
of the tubular structure. 

Embodiments of the present invention will now be described, by way of exanq>le only* having 
25 reference to the accong^anyiog figures, in which: 

Figwe I is a perspective view of a section of heat exchange laminate according to one aspect of 
the present invention; 
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Figure 2 is a detailed cross-sectioiL through the * heat exchange laminate of figme 1 illustrating 
the retention of wate^ 

Figure 3 is a perspective view of 5U1 alternative Jieat exchange laminate according to another 
aspect of the pxeseni invemiion; 

5 

Figure 4 is a perspective view of a heat exchange element according to the present invention; 

Figure 5 is a perspective view of a constructiQn using the heat exchange element according to 
Figtire 4; and 

Figure 6 is a persp^tive view of a tabular structure comprish:^ a number of heat exchange 
elements according to Figure 4. 

According to Figure I, there is depicted a section of a heat exchange laminate 1 illnstrating the 
15 .individaal layers* Laminate 1 comprises a carrier layer 2 covered over its first suifac&by a liquid 
retaining layer 4. A first adhesive 6 is provided betw^ the carrier layer and the liquid retaining 
l^y^. A second adhesive 8 is also provided on the second sur&ce of the carrier layer 2. In this 
embodiment, the pie^we of second adhesive 8 is optional and its function will be described in 
fiBrtfaer detail below. 

20 

Carrier layer 2 is preferably formed of soft annealed aluminium having a thiclGiess of 
approximately 70 microns. This material has beai found to be extremely advantageous as It is 
light, easily formable and has good conduclivily, The aluminium is provided on both surfaces 
wida a primer (not shown) to ensure adequate bonding with tihe adhesives 6^ 8. The primer is 
25 preferably a PVC based primer and may be coloured to provide a desirable appearance to the 
laminate 1. Further coatings eg. to provide protection a^inst corrosion may also be inchided. 
Although aluminium is depicted in this embodiment, other metals having similar properties may 
also be used including copper, tin, zinc and ether alloys and combinations. Altemalively> plastics 
and composite materials iacluding caibon and ar^nide fibres may be used. The selection, of the 
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above in^er<fl1s will be evident to the skilled man and -will be determined by the particular 
conditions nnder which the heat exchanger is intended to operate. 

The liquid letaining layer 4 is fonned fiom a fbroua non-woven mateiial. Although rd&ience is 
5 made to a liquid retainiag surface^ 'it is clearly understood that fho suxface is in &ot a liquid 
retaining and releasing surfkce. As can be seen ftom Figure 1, the layer has a very open structure 
Bxich fibat the carder layer 2 can be clearly seen through the spaces between the fihres 10. An 
exemplary niateri4 for fisnrnng the wat^ retaining layer is a 20g/m^ polyester/viscose 50/50 
blend, available firom Lantor B.V. in The Netherlands. Another exemplary matenal i§ a 30g/ni^ 
10 polyamide coated polyester fibre available nndjer fce name Colbacfc™ feom Colbond N-V- in The 
Netherlands, Other materials having similar properties including synthetic and natural fibres such 
as wool ni9.y also be used. Where .necessary^ the liquid retaining layer may be coated or 
otherwise tnjated to provide anti bacterial or other anti fouling properlies. 

15 In Figures. 1 and 2, the first adhesive 6 is provided as a thin layer over the entire area of the 
laminate 1. For use with alimiininm and Lantor fibres as mentioned above, a 2 micron layer of a 
two component polyurelhane adhesive has been found to provide excellent results. When* present 
as swh a dun layer, its effect on heat transfer to the carrier layer is negligible. It is however also 
possible to provide first adhesive 6 only in the area of the individual fibres 1 0^ hi this case it may 

20 also be considered to fonn part of the open structure^ whsreby both the liquid and heat exchange 
medipm can come into direct contact with the caidar layer 2. This may be achieved by coating 
tiie fibx^s 10 of the liquid retaining layer 4 with the second adhesive 6 prior to laminating with 
the carrier layer 2. 

25 Figure 2 shows in greater detail how tiie liqind retammg l^r 4 is efiective to iTufiter a quantity of 
liquid for subsequent evaporation. Figure 2 shows carrier layer 2 provided with second adhesive 
layer 8 on its lower surface. Two fibres 10 forming part of the liquid retaining layer 4 arc 
depicted on its upper snr&ce adh^d by first adhesive layer 6. Also shown in Figure 2 is a liquid 
droplet 12. The liquid droplet 12 is effectively retained by the fihres 10 and prevented fiom 
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12 . . 

dripping off the surfece even if the lammate 1 is held in a vertical position. Various 
mechamsms can be used to improve the tendency of the fibres to i^ain liquid. For wab^, the 
retention should preferably be primarily based on sud^ce tension effects, since these are 
awompanied by relatively high water activity. ^0 > 

5 

From Figure 2, the BJrtcnt of the open structura can also be seeocL The fibres 10 are spaced apart 
by a distance d, which in this case ccMrresponds aiifastantially to the extension of Ihe liquid dxx>plet 
12 Ktained by a fibre 10. The eictension of the liquid droptet 12 will in practice depend i^ion 
various &ctors including: the shspG and dimensions of the individual fibres 10; the natore of the 
10 suri^es of , die fibres 10, the adhesive 6 and tiiecaxriOTl^r 2; 

and condition of the gas iOowuis wacoss the heat exchanger. The choice of the distance d will also 
depead upon the prpp€»rties desired Scam the laminate 1. If water activity is of primary 
importance, the spacing d may be chosen to be greater than fbe eactension of the droplet 12. If 
iticreajsing flie buffering capacity is of primary importance, the spacing d may be chosen to be 
IS substantially smaUer than the droplet extensioxL In pracdcC;, for use with water on aluminium 
carrier coatsd with two component polyurethanc adhesive, it has been feund that an average 
spacing d of aboiil 100 TrricTOTS is desnrable. The liquid retaining layer be adapted 

according to the condifions expected ag. by providing greater buXTer capacity for diyer climates. 

20 Figure 3 shows an alternative veraian of the laminate 1 in a v^cal position. like eleanents will 
be designated with die same reference numerals as before. Laminate 1 comprises a carrier layer 
2, provided on a first surface with isolated regians of adhesive 6. Adhesive 8 is similarly 
provided oh the second surface of the carrier layer in the ibmi of isolated regions. In tOiis 
embodiment, the adhesives 6 and S th^nselves consdtutes water retaimng layeis. Similarly to the . 

25 iSbre spacing in the case of Figure 2. the isolated regions of adhesive are q^aced a distance d 
apart In this case however, it can be se@i that ttie distance d is substantially smaller than the 
dimmsion of a liquid droplet 12 leading to lower buffer capacity but higher water acdvily. 
Various different methods of forming the adhesive liquid retaining layers are possible including 
spraying;, transferring and printing. A-preferred method uses an-ixikjet printing technique; Glearly, 
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the isolated regions may be provided in any desired sliape and may be arranged in any 
desired pattern* While reference has been made to isolated regions, interlinked regions providing 
the desired open strootore may also be used. FnrChermare, although adhesive has bccnmentioiied, 
otiier structiitea or protrusions on fhe surface of the carrier layer mecy provide the same water 
5 ret aining fimction. Similar effects may be achieved by surfkce trcatmemt of the cdixier layer &g. 
by etching or the like to produce liquid r^t^inijpg elements at an iipper layer of the surface. 

Figure 4 shows a section of heat exchange laminate 1 according to Figure 1^ jSaicmed into a heat 
exchange element 14. The heat exchange etement 14 conqTiises a series of fins 16 havSng the 

10 liqm'd retaining layer 4 on a first upper sur&ce thereof The fins 16 are each provided with 
louvres 18 in the form of elongate slots poietralang Ihrougih the laminate 1 (only the louvres on 
the first fin are ahown). The louvi^ 18 are arranged in groups. A first group 20 serves to direct 
flow into the e^&ce, while a second groi^ 22 directs flow out of the surface. Thua, some ofihe 
air flowing along the heat exchange element 14 in Ihe direction of arrow A vAVL be directbd 

IS through the laminate tovraxds the lower second surface. Air following the direction of arrow B 
will be directed outwardly by the second group of louvres. In this way, the air alternately ficws 
over the first surface, where it can receive moisture by evaporation from the liquid retaining 
layer, Allowed by the second surface where it can receive direct thermal energy to raise its 
temperature, 

20 

. In addition to their function in directmg flow between the surfaces of the heat exchange element 
14, louvres 1 S also seive to break up ttie boundary layers that may develop as air flows along the 
surfaces. Other break up elements may be provided in addition or instead of the louvres IS. K is 
noted that in a heat exchange laminate 1 according to the embodiment described, in Figure 2, the 
25 water retainmg elements may additionaUy be designed to break up the boundary layer. 
Furthermore^ while the fins 16 of Figure 4 are straigjxt, curvilineax or zig-zag fins may also be 
produced. It is believed that such fin shapes ar^ a^dhfanta^us in Ineakxng up the boundary layers 
that develcq) in flow along the fins» since each time the fin changes direction, turbulent fiow is re* 
established. Various cross-sectional shapes are also possible for the Sns^ including ccrmgations 
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of square, trapezoidal, rectangular, bell and sine wave shapes. The precise shape will 
depend on varioxi$ factors^ one of which may he the ability of the liquid retaming lay^ 4 to resist 
bending. 

; .v> . 

5 In addition to louvres 18, heat exchange ol«ment 14 is provided with conduction biidgos 24. 
TTiese bridges 24 are in the fonn of cute throng the laminate 1 ov^ aiibstandally fhe whole 
height of the fin 16. Thoy serve, to prevent unwanted transport of heat along Ihe heat excTiange 
element 14 in ihe direction of the air flow. 

10 The heat e»ehang9 element 14 is pref^ably foimed using standard corrugation techniques. Aa 
ai3propriate width ToU of the prepared laminate 1 may be fed tbrous^i a pair of corrugated rollers 
\^ch can fbim Ihs Sos 16» louvres IS and heat bridges 24 in a single pas& The resuttihg product 
niaylhen be cut into suitably sized beat exchange elements 14 for ^ 

IS Figure 5 shows a possible construction 25 usmg the heat exchange element 14 of Figure 4, 
Acoordtdg to Figure S the heat exchange element 1 4 is attached to a fust sur&ce of a membrane 
26, The Tn^brane 26 is provided on its second surface witli a second heat exchange element 28, 
which in the pnresent embodiment is provided with fins 30 similarly sh^ed to the heat exchange 
element 14 and which mdy also be provided with louvres and conduction bridges. The second 

20 heat exchange element 28 differs from the first heat exchange element 14 in that it does not 
comprise a liqtiid retaining layer. The Tnembrane 26 is generally impervious to the air or other 
fluid intended for use in the heat exchanger and serves to define a first fluid regiou X and a 
second fluid region Y. For constmctional reasons, a prefened material for the membrane is soft 
annealed aluminium of approxiTnately 70 micron gauge. 

2S 

As described above, die heat exdbange laminate 1 fbimiiig hrat ^change element 1 4 may have a 
second adhesive 8 on its second sur&ce. This second adhesive 8 is. preferably a heat seal 
adhe^ve such as a FVC/polyactylate based adhesive. The membrane 26 is also provided with a 
similar or comp$tibIe heat seal adhesive on its sur&ce &cmg the heat exchange element 14 
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whereby botlt raembxano 26 and element 14 may be easily joined together under 
^ppraptiBiB heat and pressure. The facing surfaces of second heat exchange elemenl 28 and 
membiane 26 are also provided v/iHh sixniter heat seal adhesive and may be joined together m tlie 
same way. As can be seen fiom Figure 5, the heat cxchan^ elements 14 and 26 are joined in 
5 sujch a way that ority the tron^s of Ihe fins 16, 30 are adhered to the membrane 26. Fiirthermore, 
the fins 16 and 30 are directly aligned witti one another through the membjrane 26. 

In us^ the fluid ns^on X may scarve as the wet side of an evaporative heat exchanger or 
hjumidifying device^ while region Y serves as the dry side. The fibos 16 comprising laminate 1 can 

10 take lip a quantily of water in the liquid retaining li^yer 4. Non-saturated air flowing across the 
sur&ce can absorb water by evaporation out of the laminate 1. In so doing, laminate 1 loses a 
quautity of heat corresponding to the lateat heat of evaporation of 13ie water lost To m ain ta in 
eqirilibrium, heat must be provided to the laminate L For a carrier layer 2 of aluminium, this 
takes place by conduction in the plane of the laminate fixan the membrane 26, This heat must in 

15 turn be supplied by the cooling of dry fluid in region Y and by conduction of this heat through 
the fins 30 of second heat exchange element 28 to the membrane 26. The aligament of the fins' 
lU ^QJmproyes heat traasfer ftom gae element to the gOier ttirou^ the membrane 26, 

ha the illustrated embodiment only a single side of the fins 16 is provided with a liquid retaining 
20 layer. It is however also possible to provide a liquid retaining layer on other surfaces too. 
Membrane 26 may for instance also be formed of heat exchange laminate 1> having the liquid 
retaining layer on its first surface feeing the heat exchange element 14. It is also possible to use 
the heat exchange laminate 1 for forming the second heat exchange clement 28 and to provide 
liquid retaining layers on hath sides thereof. As an advantageous consequence of the open 
25 stmcture according to one aspect of the present invention, the liquid retaining side of the 
laminate can ftmction well as dther a wet side or as a dry side of a heat exchanger. For laminates 
provided wfth a liquid retaining layer on both auraces, additional measures and adhesive layers 
may be required to ensure joining to another surface. 
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In the illustrated embodiment, the Gns 16 and 30 are anranged to lie pOTaUeJ to one another 
such that the heat exchanger may operate in counter flow. For use as a dsv^-pomt cooler, the 
membrane may be provided with chaimels allowing some or all of the fluid m the region Y to 
pass across the membrane to region X. Swh channels may be in the form of orifices through the 
5 membrane. Other alternative arrangements are also possible with the two sets of fins angled with, 
respect to each other for cross flow operation. For cross flow operation as a dew-point cooler, it 
may also be possible to provide orifices through the membrane between one or more of the tins 
28 to serve as feeders for some or all of the channels between the Sns 14 in the region X. 

10 The constructicm 25 according to Figure 5 may be integrated into a h.^ exchanger such as b dew- 
point Gooler in many difEbrent ways. A number of like constnictiaQS 25 may be arranged parallel 
to one another to &nn a soie^ of alternate fluid Teg;iqns X and Y. Clearly; if a^number of such 
constroctions 25 are combined* more tibian two regions may be defined each being subjected to a 
difFerent fluid. In. an advantageous alteniatiYe, the construction 25 be fbnned into a tubular 

15 structure by rolling or fblding fhe membrane and heat.sealing it to itaeli^ whereby the region Y is 
loc»d;ed within the tube and the r^on X is located externally. 

Figure 6 shows' a'possible tubular €tnictur6'32 tb^ has been found paztLCUlafly advantageous for 
Ifae constractLon of dew-point coolers elements and heat recovery elements. Tubular structure 32 
20 comprises a pair of constructions 25 comprising membranes 26 that have been joined to one 
another at upper and lower longitudinal edges 34» 36. Various methods for joinizig the edges 34, 
36 may be used, but a prefbcred method for ahmsinimn membranes 26 as described above is by 
.heat sealing. 

25 The constructions 25 are effectively connected in back to back relaHonship with the second heat 
excliange elements 28 on tb^ inside and the heat exchange elements 14 with liquid retaining layer 
4 on fhe outsida. A reversal of this arrangement is also possible but would require water supply 
to the intfidor of the tubular structure 32 in order to wet ttie liquid retaining layer 4. As can be 
seen fiom Figure 6» the outside of each membrane 26 is provided wilh a number of heat 
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exchange dements 14, separated from one aactli^by a short gap. This gap also serves as 
a fotm of conduction biidge to minimise heat conduction in the flow direction of the heat 
KChanger. The second heat exchange is arranged in a similar manner. 

5 Also shown m Figure 6 is an inlet exteaision 38 (partially cut away) and an outlet extension 40 
for the interior of the tubular strocture 32. Both extensions 38, 40 axe fermed from sections of die 
membranes 26 without heat exchange elements. A web 40 is also shown between the two 
constructions 25. The web 40 serves to inrprove structural stability and may be provided with 
holes to allow flow tturough it within the interior of the tubular stmcture 32. 

10 

In use as a dew-poznt cooler, one or more such tubular structures 32 aiie located within a suitable 
housing having an udet ccmmiunicafidg with the inlet extension and an outlet communiceting 
Wilh the outlet extension. Flow C through the tubular structure 32 may be induced by a fin 
provided at the inlet although other flow inducing means may also be used. By providing e.g. a 

1 5 flow restriction at the outlet and a connection between the outlei: extensioii and the outside of the 
tubular stmcture 32, a portion of the flow D may he caused to recirculate in contraflow over the 
ouliside of the tubular steuctur© 32. The remainder of the flow E exits to the outlet for cooling of 
the desired space. Liquid such as water supplied to the liquid retaining layer 4 by known water 
supply means will then ev^otate into the recirculating flow t) providing die necessary cooling to 

20 the flow C within the tubular structui^ 32, The recirculating flow D may then exhaust through a 
further exhaust opening provided in the housing. 

A slight adaptation may be made for use also a$ a heat recovery device. The housing may then be 
provided with a fiirfher inlet and possibly a second fan or other flow inducing device. Whichever 
25 flow is intended to be heated may also be provided with water supply to an appropriate liquid 
retaining layer fbr hmnidificatiQn purposes. For heat recovery it is also particularly advantageous 
to provide both sides of the exchanger with laminates comprising liquid retaining lay^s 
according to the present invention, whereby condensation is retained and can be wicked away. 
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Although not shown, the fonned heat exchange laminate itself may be used as both fin and 
impervious memhraae. Thus^ a pdr of h^nt exchange elements similar to Figure 4 but without 
qpeii louvres may be connected back to back in the manner depicted in Figure 6 to produce a 
tabular structure* -^^ 

While the above samples ilhistrate pre&ir^ embodiments of tt^ present invention it is noted 
that various otiier arrangements may also be considered which &II within iBojb spirit and scope of 
th^ presCTt invention as defined by the appended claims. 
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CIxAIMS 

1. A heal exchamgo I^imte cconprisiiig a fomiable carder layer at least partially 
covered with a flexible liquid retaining Isytx. 

2. The heat exchange laminate accordizng to. claim I wherein the liquid xetauung layer 
has an open stnictuie such that hi use, a heat exchange meditim can directly contact 
the Qarrler layer through the open structure of the water retainhig layer. 

3i The heat exchange laminiate according to claim 2, whereia the liquid retaining layer is 
a ftbroua material and tiie open structure comprises spaces between the fibies. 

4. The heat exchange laminale according to claim 3, ^eodn the fibrous xnatedal is " 
adhered to the earner layer by an adhesive. 

5. The heat exchange laminate according to claim 4, wherein die fibrous material 
comprises a bonded mixture of polyester and viscose fibres* 

6. The heat exchange laminate according to any of claims 2 to 5» wherein the opea 
structuie comprises covered and uncovered areas of the carrier layen 

7. The heat exchange lamiaate according to any preceding claim wherein the carrier 
layer comprises aluminium. 

S. The heat exchange laminate according to any preceding claim wherein the liquid 
retaining layer has an average thickness of less than SO microns. 

9. A heat exchange element comprising a foimed heat exchange laminate according to 
any of claims 1 to 9. 

10. The heat exchange element according to claim 9, wherein the heat exchange laminate 
is corrugated to form a series of elongate fins. 

11. The heat exchange element according to claim 10 wherein the elongate fins are wave 
shaped in their elongate direction. 

12. The heat exchange element according to claim 10 or 11, wherein the fins are provided ' 
with louvres. 
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13. The heat e^^ohange element . according to any of claims 9 to 12, 
whearein the liquid retaining layer is provided substantially only on a first side of the 
carrier layer. 

14. The heat exchange element accordting to any of claims 9 to 13, fiutber comprising a 
Tneml?xane, the formed heat exchange lamiiiate being attached to the membrane. 

15. The heat exchange element according to daim 14 whereui the ftmied heat exchange 
laminate is attached to the membrane by adhesive. 

16. The heat exchange element according to claim 15 wherein the adhesive is a heat 
actuated adhesive Applied to the carrier layer or the membrane. 

17. The heat exchange el^ent aoooiding to any of claims 14 to 16 wherein the 
membrane is formed into a tubular stmcture. 

18. The heat cxdiange element accoiding to any of claims 14 to 17, whereitx the 
membrane also comprises a heat exchange laminate according to any of daims 1 to 8 

19. The heat ^change element according io any of claims 9 to 13 wherein the heat 
exchange laminate is fbmied into a tubular structure* 

20. A d^Ar-poirit cooler cominisiug a host exchange element according to any of claims 9 
to 19. 

21. A method ofmannfactaring a heat eKchange elemient comprising: 

providing a heat eaccfaange laminate comi«isiz^ a fbmaable earner layer at least 
partially covered willi a flexible liquid retaining laye^ 
fo Tming the laminate into a heat exchange elemenL 

22. The method according to claim 21, wherem the laminate is foamed into a plurality of 
elongate fins. 

23. The method accoiding to claim 22 iUrtb«r conxpxising forming louvres in die Bsas. 

24. The method according to claim 22 or claim 23 flirther comprising attaching the j5ns to 
a first surface of a membrane £>r heat transfer thereto. 

25. The xnelhod according to claim 24 fiirfher comprising attaching further fins to a 
second Surface of a membrane &r heat transfer thereto. 
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26, The metaiod according to claim 25 fuither comprising fbldiug the? 

membrane to forai a tubular structtire with the elongate fins on an esterior surface of 
the tubular sltuctur© and tiio fiixSier fins on an internal surfece of the tabular structure. 
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ABSTRACT 

A beat exchange laminato comprises $i foimable Qazzier layer at least partially covered wifh a 
5 flexible liquid relBiziing layer. By Jfonnmg such a lazninate pf two layers, desired properties such 
as the spodal distzibution of the liquid tetaimag layer, can be imparted to the lieat exchange 
laixunate prior to forming. The laminate may then be conveniently formed into any desired shqse 
by known manxi&ctuxing procedures fi>r incotporation into a heat exchanger. The laminate may 
be used to cool a Srst fluid hy evaporation of a liquid into a second fluid operating at or near its 
10- saturation point. 



Figure 6 
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